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Abstract 
It is studied influence of the dynamic pressure of the air flow on people and equipment based on the methods that have been 
tested experimentally. It also analyzes the effects of pressure field on the surface of the vehicle in stationary and non-stationary 
regime. The article is experimental and allows some conclusions on the geometry constructions from near railway, while 
providing information on the harmful effects created by the dynamic pressure of the air in the vicinity of people. By using this 
study in the educational system of higher education, which was also achieved, it will allow a more accurate approach on rail 
adjacent space, both in terms of construction and technical staff as they serve. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction  
Development of high-speed movement imposes the need of the numerous theoretical and experimental studies 
regarding issues of the aerodynamic at trains. (Raghunathan, Kim & Setoguch, 2002; Cheli, Corradia, Rocchia, 
Tomasinia & Maestrinib, 2010; Sebesan & Arsene, 2014). Research has allowed specifying: 
- factors that influence the drag of rolling stock. This is one of the necessary data to determine the engine 
power, weight adherent, energy consumption, sizing electric traction fixed installations; (Sebesan & Tarus, 
2011; Sebesan & Tarus, 2012; Sebesan & Tarus, 2012; Sebesan, Arsene & Stoica, 2013; Sebesan, Arsene & 
Stoica, 2013; Arsene & Sebesan, 2014; Arsene, 2013; Cheli, Ripamonti, Rocchi & Tomasini, 2010) 
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- effects on the parts of the train and the traffic safety in unsteady regimes, produced at the crossing of two 
trains outdoors or in the tunnel you pass near the line construction and effects on passengers in stations where 
the train passes without to stop it; (Sebesan & Tarus, 2012) 
- variation of air currents produced around the train when traveling at high speeds. Air movement in the 
vicinity of the line, determined by passing train, is similar to a wind gusting and can be a great danger to 
travellers who are on the platforms of stations through which the train without stopping, or maintenance 
personnel line. Real assessment of the degree of danger is becoming increasingly important with increasing 
travel speeds, because it increases the number of stations through which the train without stopping. Solving 
this problem requires the determination of the size and character of the distribution in time and space to 
velocity air stream produced by the moving train. Determination of the aerodynamic forces on people who 
are in the scope of these currents and the conditions under which a man may lose his balance. 
2. Field effects of pressure on the vehicles surface  
Air pressure distribution on the surface of the vehicle influences the mechanical stress of bodywork, the location 
of vent or exhaust gas, passenger comfort, road safety etc. The movement outdoors without artwork or another train 
nearby, the pressure distribution is stable. However, there are non-stationary regimes such as cross with another 
train, you pass artwork, entering or leaving the tunnel. The crossing of two trains, air pressure acting on the front 
flanks respectively of trains depends on the form the front of the train and the distance between the walls of the train. 
Pressure peaks that occur in the tail of the other head passing train. When passing the other train head produces a 
sudden pressure increase followed by a sudden decrease side. When passing the other train tail produce a new 
depression but a lower value than passing head. These pressure variations occurring on adjacent walls crossing 
vehicles produce transverse forces producing transverse vibration and increasing the danger of derailment. At the 
crossing of trains in the tunnel, the pressure varies and exterior walls, but smaller amplitude. The train enters the 
tunnel at high speed produces a considerable increase in pressure. Pressure oscillations that occur passenger comfort 
worse if vehicles are not watertight. These variations in pressure inside the vehicle are limited to 1kPa, which can be 
achieved by increasing the tunnel cross section and a corresponding sealing the passage through the tunnel. 
To illustrate the variation of pressures on a train, was considered the situation caused by the movement of a 
locomotive, the type LE 060 to 5100kW EA at running speeds isolated point of 40m/s 45m/s, 50m/s and 55m/s. 
The delimitation of the volume of air flow is carried out as follows: 
- Vertical we considered the appropriate plan of the vehicle roof and another plan to 10 m of it; 
- The cross section, we considered two plans located symmetrically at 10 m from the longitudinal plane of the vehicle; 
- The longitudinal section, we considered two planes located at 15 m and 20 m, the transverse plane of the 
pantograph frame. 
First plan of longitudinal sections (15 m) corresponds to the front of the locomotive in air flow direction and the 
second plan of the same sections (20m) at the back of the vehicle. 
As input parameters on atmospheric conditions we considered 101325 pressure [Pa] and temperature of 293.2 K.  
Also based on simulations was determined and dynamic air pressure generated by moving the locomotive to 
speeds considered. In the fig. 1 and 2 are presents the dynamic pressure and total pressure distribution during the 
simulation. 
To observe the effects of this parameter to the passengers are on the station platform we considered five planes 
parallel to the longitudinal at distance d1 = 0.95 m; d2 = 1.65 m; d3 = 2.35; d4 = 3.05; d5 = 3.75; to a side of a 
vehicle.  
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Fig. 1. Dynamic pressure values obtained during the simulation 
 
Fig. 2. Total pressure values obtained during the simulation 
3. The influence of air currents on humans  
The mass of air entrained by moving vehicles is even greater as the train aerodynamic properties are weaker. 
Most reliable results are obtained through surveys and measurements under natural conditions. Such attempts were 
made by several researchers, and the results confirmed the existence of a threat of serious injury if proper safety 
measures are taken. 
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A method for determining the degree of danger presented by the passage of the train is to measure the speed of 
the air flow produced by the train, respectively of the dynamic pressure and comparing it with the corresponding 
threshold value considered dangerous. For the human body is considered as a lower bound is given hazard 
represented by a wind speed of 17m / s. At this value are hard against the man. 
From the experimental point of view, the image of the air stream generated by the movement of trains to be as 
accurate as measuring equipment must be mounted in several places. The arrangement should be such as to allow 
measurements performed at the same time as the travel along the platform and at different distances from the track 
and at different heights. 
Measurements of this type carried out in different atmospheric conditions for passenger and freight trains with 
different speeds and aerodynamic properties, allowed to draw a number of conclusions. It was established that the 
air stream produced by pulsing train suddenly, its speed and the size is strongly influenced by the degree of drag of 
the stock. Measuring site along the platform, temperature, humidity and barometric pressure do not influence the air 
flow rate, and the wind perpendicular to the wall of the car decreases in the air flow from the fan. Dependence of the 
speed of movement of the maximum dynamic pressure value measured at a height of 1,25m above the platform, in 
the absence of side wind at different distances from the walls of locomotives for passenger coaches towed non-
aerodynamic shape is shown in fig. 3. 
 
Fig. 3. Dynamic air pressure produced by a passenger train at a height of 1.25m above the platform 
From this figure we see that the dynamic pressure decreases with increasing distance measurement to the side 
walls of the vehicle. At an air velocity va = 17m/s corresponds to a dynamic pressure pd = 175N / m2 if that occurs 
gradually when the power of man is prepared resistance, the minimum distance to the walls of wagons at 160 km/h 
is 1,8m. Either this dynamic pressure occurs suddenly and permanently changes its direction, so this criterion 
determining allowable distance is not satisfactory. 
Elucidating the nature of the air stream produced pulse train and its effects on man can do better by determining 
the variation of pressure and direction of the overturning moment acting on the man who is nearby. The 
measurements are conducted using a model of the human consists of a cylinder with a diameter and height selected 
in such a way that the aerodynamic point of view to be closer to the human body. This cylinder mounted on a shaft 
support (Fig. 4) is placed on the bed at different distances from the wall of the locomotive. 
It was found both in simulation and experimentally that the momentum created by the aerodynamic force arises in 
front of the train as it passes in front of the passenger platform. Force thus obtained changes direction with an angle 
of 360o while 0.22 ... 0.35 sec. In these circumstances one has no time to react and can be regarded as inert physical 
body under the action of overturning moment of variable size and direction. Moreover in most cases of human body 
weight is distributed on one leg, even if the person is at rest, and the more so when it moves, balance becoming less 
stable. Calculations made in this unfavourable case shows that a man of 70 kg and a height of 1.7 m lose balance if 
the value at the maximum of the aerodynamic force is greater than 60nm. Due to the particularities of individual 
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human rights and upholding a safety factor, the maximum allowable overturning moment resulting from 47Nm. 
These lines are plotted in Fig. 5 on the time variation of aerodynamic forces. 
 
 
Fig. 4. Model cylindrical of the human body. 
 
 
Fig. 5. Variation moment aerodynamic forces at distances d1 = 1.25m; d2 = d3 = 1.9m and 2,63m against the walls of the locomotive. 
The points of intersection of these straight and curves of variation of the maximum overturning moment, 
depending on the speed and direction to the wall of the locomotive, giving the minimum distance dmin under which 
man will be overthrown by air flow or safety distance dsig than not risk of injury. The variation of this distance 
depending on the speed of the train is shown in Fig. 6, and is substantially straight. From this figure it follows that if 
the locomotive hauled trains non aerodynamic running speed of 140km / h, the man should be at a distance of at 
least 2.3m to the wall of the locomotive, and where the speed of 200km / h the minimum distance necessary increase 
to 3.5m. 
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Fig. 6. Minimum permissible distance and safety of locomotive wall non aerodynamic and man, according to the train speed. 
4. Conclusions  
As can be seen from figure 1 the distribution of the surface pressure due to the shape of the locomotive body non 
aerodynamic thereof in the lateral recesses vacuum is created which in turn increases the dynamic pressure of the air. 
The farther the distance from the side wall of the locomotive is reduced dynamic pressure values increase.  
The minimum distance at which a person can be located on the platform of a station when passing a non-
aerodynamic locomotive speed of 140km / h is about 2m. If the vehicle speed will increase default and minimum 
safety distance and will have the same trend. 
 
Acknowledgements 
This work is part of the research contained in Contract: No. 192/2012 - titled "Solutions for improving dynamic 
performance and security of railway traction vehicle collisions to align with the requirements of European 
regulations" funded UEFISCDI. 
References 
Arsene, S., (2013). Analysis regarding the aerodynamic resistances on boxes electric locomotives. The International Conference on Innovation 
and Collaboration in Engineering Research – ” INCER 2013”, (pp. 157-160). Bucharest. 
Arsene, S., Sebesan. I.,  (2014). Analysis of the resistance to motion in the passenger trains hauled by the locomotive LE 060 EA 5100kW. Incas 
Bulletin, Volume 6, Issue 3 15pp. 13 – 21.  
Cheli, F.,  Corradia, R.,  Rocchia, D., Tomasinia, G., Maestrinib, E., (2010). Wind tunnel tests on train scale models to investigate the effect of 
infrastructure scenario. Journal of Wind Engineering and Industrial Aerodynamics, 98(6-7), 189–201. 
Cheli, F., Ripamonti, F., Rocchi, D., Tomasini, G., (2010). Aerodynamic behaviour investigation of the new EMUV250 train to cross wind. 
Journal of Wind Engineering and Industrial Aerodynamics, Volume 98(Issues 4–5), Pages 189–201. 
Raghunathan, R. S., Kim, H.-D., Setoguch, T., (2002). Aerodynamics of high-speed railway train. Progress in Aerospace Sciences, no. 38(Issues 
6–7), 469–514.  
Sebesan, I.  Arsene. S. (2014). Study on aerodynamic resistance to electric rail vehicles generated by the power supply. Incas Bulletin, 6(Special 
Issue 1), 151 – 158. doi: http://dx.doi.org/10.13111/2066-8201.2014.6.S1.17 
Sebesan, I.,  Arsene, S., Stoica, C., (2013). Experimental analysis for aerodynamic drag of the electric locomotives. Incas Bulletin, 5(3), pp.99-
115. doi:DOI: 10.13111/2066-8201.2013.5.3.11 
Sebesan, I.,  Țarus. B.,  (2012). The impact of aerodynamics on fuel consumption in railway applications. Incas Bulletin, Volume 4(Issue 1), pp. 
93 – 102. 
Sebesan, I., Tarus. B., (2012). Experimental determinations of the aerodynamic drag for vehicles subjected to the ground effect. INCAS 
BULLETIN, Volume 4(Issue 2), pp. 99 – 110. 
Sebeșan, I., Arsene, S.,  Stoica. C., (2013). Experimental study on determination of aerodynamic resistance to progress for electric locomotive LE 
060 EA1 of 5100 kW. Scientific Bulletin-University Politehnica of Bucharest, Series D, 75(4), p. 85-96. 
Sebesan, I., Tarus B., (2011). Some aspects regarding the impact of aerodynamics on fuel consumption in railway applications. U.P.B. Sci. Bull., 
Series D, Vol. 73(Iss. 4), pp 237-246. 
